INTRODUCTION
============

As is well known, prostate cancer, bladder cancer, and kidney cancer are the most common urologic tumors. According to the 2011 "Global cancer statistics,"^[@R1]^ prostate cancer is the second most frequently diagnosed cancer and the sixth leading cause of cancer death in males worldwide; bladder cancers are the second most common urologic tumors, with an estimated 386,300 new cases diagnosed worldwide; kidney cancer is the third leading cause of death among urologic tumors, and the rate of incidence is 21.5 per 100,000 in 2008. The present studies^[@R2]--[@R6]^ have demonstrated that genetics and diet are closely related with the occurrence and development of urinary tract cancers. However, the etiology of these tumors is still unclear.

Recently, several studies have indicated that the polymorphism of p53 gene was associated with the urologic tumors. The p53 protein is a key tumor suppressor protein that encoded by the tumor protein 53 gene. The tumor suppression functions of p53 are widespread and mediated by various mechanisms, where it regulates the cell cycle and initiates apoptosis in response to severe DNA damage.^[@R7]^ Several studies have demonstrated that the degradation of p53 is regulated by the ubiquitin--proteasome pathway.^[@R8]^ Human mouse double-minute 2 protein (MDM2) is a key negative regulator of p53 through several mechanisms. MDM2 directly binds to p53, resulting in the p53 transactivation inactivity.^[@R9]--[@R12]^ Moreover, MDM2 also acts as an ubiquitin protein ligase and controls p53 by targeting it for proteasomal degradation.^[@R9]--[@R12]^ Therefore, overexpression of MDM2 and inactivation of p53 were associated with oncogenesis.

A novel functional single nucleotide polymorphism (SNP, rs2279744) was found that located 309 bp downstream from intron 1 in the promoter of the MDM2 gene (SNP309, T\>G).^[@R13]^ This GG genotype of SNP309 binds stimulatory protein (Sp1) with increased affinity; it can increase the expression of MDM2 and suppress the p53 pathway.^[@R13]^ For the past few years, a number of epidemiological studies have been done to assess the association between MDM2 SNP309 and tumor risk in different populations. Among the tumor types, urologic tumors including prostate cancer, bladder cancer, and kidney cancer were also evaluated. However, these results were inconsistent.^[@R14],[@R15]^ And for the relatively small sample size of the published studies, it is necessary to accumulate data from different studies to provide evidence on the association of MDM2 SNP309 genetic polymorphisms with urologic tumors risk. Moreover, more studies and large sample studies have been published in recent years.^[@R16]--[@R21]^ Therefore, we performed a systematic review and meta-analysis to further estimate the overall urinary tract cancers risk caused by the MDM2 SNP309 in patients.

MATERIALS AND METHODS
=====================

Publication Search
------------------

The following databases were searched: Pubmed (1966--May 2015) and Chinese biomedicine literature database (1978--May 2015) using the following search terms: ("murine double minute 2" or "MDM2") AND "polymorphism, Genetic" AND ("prostate cancer" or "bladder cancer" or "kidney neoplasms") to identify all relevant articles on the subject. We also searched the references of included studies to identify additional potentially relevant studies. Hand searching of the reference lists of included studies and reviews was undertaken and contact was made with experts in the field, unpublished studies were not sought. The search was not restricted by the publication year or language.

Inclusion and Exclusion Criteria
--------------------------------

The included studies met the following criteria: (1) research categories case-control study or a nested case-control study; (2) information evaluating the association between the MDM2 SNP309 and urinary tract cancers risk; (3) studies with sufficient data to perform a meta-analysis. The following studies were excluded: no control population, insufficient available data, duplicated articles, and the genotype distribution of the control population was departure from Hardy--Weinberg equilibrium.

Data Extraction
---------------

Data extraction was carried out independently by the same authors using standard data extraction forms. Disagreements were resolved in consultation with the third reviewer. For each study, the following characteristics were collected: first author\'s name, year of publication, tumor type (prostate cancer, bladder cancer, or kidney cancer), ethnicity, and country of study population, design of experiment (population- or hospital-based controls), number of genotyped cases and controls, genotyping method, p53 mutation status, the characteristics of the controls and quality control. The patient ethnicities were categorized as Caucasian, Asian, or African. When studies included subjects of \>1 ethnicity, genotype data were extracted separately according to ethnicities for subgroup analyses.

Statistical Analysis
--------------------

The strength of association between MDM2 SNP309 and urinary cancer risk was measured by odds ratios (ORs) with 95% confidence intervals (CIs), including the allele G compared with the allele A, the homozygous contrast (GG vs AA), the dominant genetic model \[(GG+GA) vs AA\], and the recessive genetic model \[GG vs (GA+AA)\]. The statistical significance of the summary OR was determined using the *Z*-test.

*I*^2^-test and chi-square test were used to evaluate the heterogeneity between the studies. If *P* \<0.10, it was considered to have significant heterogeneity in statistics; and the *I*^2^ value was used to test the degree of heterogeneity (*I*^2^\<25%, no heterogeneity; *I*^2^ 25--50%, moderate heterogeneity; *I*^2^\>50%, large or extreme heterogeneity). To test the reliability of the results, the Mantel--Haenszel method (fixed-effects) and the DerSimonian--Laird method (random-effects) were used to estimate the pooled ORs, respectively. Publication bias was assessed using inverted funnel plots. The significance of asymmetry was determined using the *t* test, an asymmetric plot, and *P* \<0.05 was considered to indicate a possible publication bias. Funnel plot asymmetry was also examined by using Egger\'s linear regression test.

As a research using systematic review and meta-analysis, ethical approval of this study is not required. This work was reported according to the PRISMA guidelines.^[@R22]^ Meta-analyses were performed using Review Manager, version 5.0, software (The Cochrane Information Management System, <http://ims.cochrane.org/revman>) and Software STATA version 11.0 (Stata Corporation, College Station, TX). *P* \<0.05 was considered statistically significant.

RESULTS
=======

Study Characteristics
---------------------

A total of 18 studies ^[@R12],[@R14]--[@R21],[@R23]--[@R31]^ investigating the polymorphism of MDM2 SNP309 met our inclusion criteria (Figure [1](#F1){ref-type="fig"}). The characteristics of each study are summarized in Table [1](#T1){ref-type="table"}. These studies were published from 2006 to 2015. Eight studies reported the prostate cancer including 4 Asian populations, 3 European populations and 1 USA populations; 7 studies reported the bladder cancer including 3 Asian populations and 4 European populations; and 3 studies reported the renal cancer including 2 Asian populations and 1 European populations, respectively. In all the studies, all controls were free of prostate cancer, bladder cancer, and kidney cancer.
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###### 

The Main Characteristics of Included Studies
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Quantitative Synthesis
----------------------

A total of 5165 cases and 4785 controls were used to analyze the association of the MDM2 T309G polymorphism and prostate cancer risk. Seven studies including 1254 advanced cases and 1787 controls were analyzed to study the association between the T309G polymorphism and bladder cancer risk. Three studies including 567 advanced cases and 663 controls were analyzed to study the association between the T309G polymorphism and kidney cancer risk. For prostate cancer and renal cancer, the studies mentioned quality control methods for genotyping, such as randomly repeated assays or validation by directed sequencing. For bladder cancer, 1 study used randomly repeated assays as quality control methods for genotyping.^[@R23]^ The genotypic and allelic frequencies of the cases and controls for T309G are listed in Table [2](#T2){ref-type="table"}. All studies stated that the distribution of genotypes in the control groups were consistent with Hardy--Weinberg equilibrium.

###### 

Distribution of MDM2 SNP T309G Genotypes and Alleles
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MAIN RESULTS of ALLELE And SUBGROUP ANALYSIS
============================================

Prostate Cancer
---------------

Because significant heterogeneity existed among the allele contrast, the homozygous contrast, the recessive genetic model and the dominant genetic model, a random-effects model was used to pool the results. No significant difference was found between the allele contrast and prostate cancer risk, between the GG genotype and prostate cancer risk, between the recessive genetic model and prostate cancer risk, between the dominant genetic model and prostate cancer risk in all subjects (OR = 0.96, 95% confidence interval \[CI\] 0.87--1.05, *P* = 0.36; OR = 0.93, 95% CI 0.75--1.15, *P* = 0.50; OR = 1.00, 95% CI 0.87--1.15, *P* = 0.99; OR = 0.93, 95% CI 0.80--1.07, *P* = 0.30; Figures [2](#F2){ref-type="fig"}--[5](#F5){ref-type="fig"}), respectively.

![The pooled results for allele contrast in investigation of association of MDM2 T309G polymorphisms with urinary cancer.](medi-95-e2941-g004){#F2}

![The pooled results for GG genotype in investigation of association of MDM2 T309G polymorphisms with urinary cancer.](medi-95-e2941-g005){#F3}

![The pooled results for the recessive genetic model in investigation of association of MDM2 T309G polymorphisms with urinary cancer.](medi-95-e2941-g006){#F4}

![The pooled results for dominant model contrast in investigation of association of MDM2 T309G polymorphisms with urinary cancer.](medi-95-e2941-g007){#F5}

In the subgroup analysis, according to ethnicity, similar effects were detected under the allele contrast (OR = 0.95, 95% CI 0.79--1.14, *P* = 0.55), the homozygous contrast (OR = 0.93, 95% CI 0.67--1.31, *P* = 0.69), the recessive genetic model (OR = 1.00, 95% CI 0.87--1.16, *P* = 0.96), and the dominant genetic model (OR = 0.90, 95% CI 0.63--1.27, *P* = 0.55) in the Asian subgroup; and the allele contrast (OR = 0.95, 95% CI 0.83--1.09, *P* = 0.45), the homozygous contrast (OR = 0.88, 95% CI 0.62--1.26, *P* = 0.50), the recessive genetic model (OR = 0.93, 95% CI 0.67--1.30, *P* = 0.68), and the dominant genetic model (OR = 0.95, 95% CI 0.86--1.05, *P* = 0.33) in the European subgroup. According to study design, similar effects were detected under the allele contrast (OR = 0.90, 95% CI 0.75--1.08, *P* = 0.25), the homozygous contrast (OR = 0.79, 95% CI 0.53--1.18, *P* = 0.26), the dominant genetic model (OR = 0.88, 95% CI 0.66--1.17, *P* = 0.39), and the recessive genetic model (OR = 0.88, 95% CI 0.69--1.13, *P* = 0.32) in the subjects from hospital; and the T309G polymorphism also had no effect on prostate cancer risk in the subjects from population.

Bladder Cancer
--------------

A random-effects model was used to pool the results of the allele contrast, the homozygous contrast, the dominant genetic model and the recessive genetic model because of existing significant heterogeneity. The T309G polymorphism had no effect on the allele contrast (OR = 1.06, 95% CI 0.89--1.27, *P* = 0.50), the GG genotype (OR = 1.12, 95% CI 0.79--1.61, *P* = 0.52), the dominant genetic model (OR = 1.03, 95% CI 0.83--1.28, *P* = 0.78), the recessive genetic model (OR = 1.12, 95% CI 0.84--1.49, *P* = 0.45), and bladder cancer risk (Figures [2](#F2){ref-type="fig"}--[5](#F5){ref-type="fig"}).

In the subgroup analysis, according to ethnicity, similar effects were detected under the allele contrast, the homozygous contrast, the recessive genetic model, and the dominant genetic model in the Asian subgroup or the European subgroup. According to study design, the T309G polymorphism also had no effect on bladder cancer risk in the subjects from population or hospital.

Kidney Cancer
-------------

A random-effects model was used to pool the results, and a significantly increased effect was found for the allele contrast (OR = 1.24, 95% CI 1.05--1.46, *P* = 0.01), the GG genotype (OR = 1.57, 95% CI 1.11--2.20, *P* = 0.01), the dominant genetic model (OR = 1.30, 95% CI 1.00--1.68, *P* = 0.05), the recessive genetic model (OR = 1.37, 95% CI 1.02--1.83, *P* = 0.04), and kidney cancer risk in all subjects (Figures [2](#F2){ref-type="fig"}--[5](#F5){ref-type="fig"}).

Publication Bias
----------------

Begg\'s funnel plot and Egger\'s test were performed to assess publication bias. Egger\'s test was used to provide statistical evidence for funnel plot symmetry. For prostate cancer, bladder cancer and kidney cancer, the shapes of the funnel plots did not reveal any evidence of obvious asymmetry in all comparison models including the allele contrast, homozygote model, dominant genetic model and recessive genetic model, the funnel plots of dominant genetic model were showed in Figures [6](#F6){ref-type="fig"}--[8](#F8){ref-type="fig"}; Egger\'s results did not show any evidence of publication bias.

![The funnel plots of publication bias in prostate cancer studies.](medi-95-e2941-g008){#F6}

![The funnel plots of publication bias in bladder cancer studies.](medi-95-e2941-g009){#F7}

![The funnel plots of publication bias in kidney cancer studies.](medi-95-e2941-g010){#F8}

DISCUSSION
==========

In the present study, we performed a systematic review and meta-analysis to evaluate the association between MDM2 T309G polymorphism and the risk for prostate cancer, bladder cancer and renal cancer based on all available studies. The results demonstrated that there were no significant association between MDM2 SNP T309G and prostate cancer or bladder cancer risk in Asian or European populations, and there was positive association between MDM2 SNP T309G and kidney cancer risk.

MDM2 plays an important role in the cellular p53 pathway. The MDM2 T309G polymorphism has been shown to increase the synthesis of MdM2 and it has been found to be correlated with the risk of cancer at various organ sites.^[@R32]^ Bond et al^[@R13]^ showed that the MDM2 T309G can strengthen the affinity between MDM2 gene and the transcriptional activator Sp1, then increase the expression of MDM2 protein, attenuates the p53 pathway, and ultimately accelerates tumor formation in human bodies. Based on the above theory, we supposed that the MDM2 T309G polymorphism was associated with urinary cancer risk. Zhao et al^[@R33]^ reported that an increased breast cancer susceptibility for GT versus TT (OR = 1.31, 95% CI = 1.03--1.67, *P* = 0.03) in Asian population and for GT versus TT (OR = 1.31, 95% CI = 1.03--1.66, *P* = 0.03) in African population, respectively. Li et al^[@R34]^ found that the GG genotype of MDM2 SNP309 was significantly associated with the increased endometrial cancer risk (OR = 1.54, 95% CI = 1.21--1.95, *P* = 0.0004). However, Phang et al^[@R35]^ reported that the MDM2 SNP309G allele was associated with reduced risk of leukemia. Kang et al^[@R36]^ reported that the MDM2 SNP309G allele significantly decreased the risk of epithelial ovarian cancer in Chinese. However, our current pooled data suggested there was no risk effect of the GG genotype under homozygote contrast and the dominant genetic model (OR = 0.87, 95% CI 0.67--1.13, *P* = 0.30; OR = 0.89, 95% CI 0.75--1.04, *P* = 0.14) for prostate cancer. This showed that the MDM2 309G allele could not influence the prostate cancer risk. In subgroups analysis, we did not find that MDM2 SNP T309G polymorphism could increase or decrease prostate cancer risk, regardless of both Asian and European or both population-based study and hospital-based study. Meanwhile, the findings are inconsistent with the variant of the T309G in previous meta-analysis about prostate cancer. Chen et al and Yang et al reported that MDM2 SNP T309G polymorphism probably decreased prostate cancer risk in European population and hospital-based population.^[@R37],[@R38]^ Importantly, a limited number of participants were enrolled in most individual reports. In addition, the case-control design of many studies may imply potential biased comparisons between patients and control groups, and a publication bias in favor of studies reporting positive results cannot be excluded. However, in our meta-analysis, the number of participants is high compared to other studies that have addressed MDM2 SNP T309G and prostate cancer risk. In addition, Yang et al reported that the MDM2 T309G was associated with lower malignant degree and slower clinical progression in Caucasians;^[@R37]^ however, we deem the results are not convincing because most study\'s data were not available. Recently, Knappskog and Lonning^[@R39]^ reported a possible confounding factor SNP285 (rs117039649) in occurrence of cancer, located just 24 bp upstream of SNP309. Because the C-allele of SNP285 has been shown to counteract the effect of SNP309G in vitro, SNP285C/309G haplotype might produce different effects between ethnic groups or cancers. The previous studies^[@R20],[@R40]^ have showed that the SNP285C variant could reduce the risks of breast, ovarian, and endometrial cancer. However, for prostate cancer risk, no association of SNP285C was found in Caucasian either among individuals harboring the SNP309TG or the GG genotype. In future, large sample studies are needed to deeply explore the effects of SNP285C on SNP309 in other ethnics.

For bladder cancer, there were controversial results about MDM2 T309G polymorphism. Onat et al^[@R26]^ reported that patients with the GG genotype exhibited a 2.68-fold increase in the bladder cancer risk compared with the TT and TG in a Turkish population. Horikawa et al^[@R27]^ reported that there were no significant associations between the polymorphism and bladder cancer risk. The previous meta-analysis indicated that the genotype of the MDM2 SNP309T \> G polymorphism may be associated with genetic susceptibility to bladder cancer among Caucasians, not Asians.^[@R41]^ However, our results of meta-analysis demonstrated that there was no risk effect of the GG genotype under homozygote contrast and the dominant genetic model for bladder cancer. Compared to the previous studies, the number of participants is high that have addressed MDM2 SNP T309G and bladder cancer risk in our meta-analysis. MDM2 SNP309 polymorphism might affect the clinical outcome of bladder cancer in a different way between superficial and invasive bladder cancer. In superficial bladder cancer, the TT patients tended to have a longer recurrence-free survival than the TG or GG patients after transurethral resection. It needs further investigation for the relationships between MDM2 SNP T309G and bladder cancer grading or staging in future.

In this meta-analysis, 3 articles reported the relationships between the MDM2 SNP T309G and kidney cancer risk. Our pooling results showed that the patients with MDM2 SNP T309G mutation had high risk of kidney cancer. It is inconsistent with prostate cancer or bladder cancer patients. However, the following reasons may produce an effect on the results: (1) two of all included studies were from Asia, and another study was from Europe. (2) The included patients were from a low arsenic exposure area in 1 study,^[@R28]^ this indicated that the environmental factor may take participate in kidney cancer formation. So, more studies are needed to confirm the positive correlation between the MDM2 SNP T309G and kidney cancer risk in future.

Our meta-analysis had some limitations. First, only the data of published studies were included in this meta-analysis. Unpublished studies tend to show more negative results; therefore, publication bias may be present. For example, we found an obvious publication bias for bladder cancer caused by Onat et al \'s study.^[@R26]^ Second, because of the lack of the original data, we did not perform stratification analysis by age, hormone levels, dietary habit or other variables. This might has caused confounding bias. Third, because the number of studies was relatively small for kidney cancer, the results might not have enough statistical power for us to investigate the association of the polymorphism with kidney cancer susceptibility, and we could not perform subgroup analyses. Finally, there were no studies about Africans in this meta-analysis.

In summary, the results of our meta-analysis suggest an increased risk role of the MDM2 SNP T309G in renal cancer. However, there was no association between the MDM2 SNP T309G and prostate cancer risk or between the MDM2 SNP T309G and bladder cancer risk. Moreover, well-designed studies should estimate different ethnicities, degree of malignancy, and clinical progression on the association between MDM2 SNP309 and urinary cancer risk in the future.

Abbreviations: MDM2 = murine double minute 2.
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